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(54) WEAR TESTING APPARATUS FOR VALVE SYSTEM 
(57)Abstract 

PURPOSE: To adjust a severity degree with good reproducibility by 
a method wherein valve spring spacers, inside a valve system, 
having various thicknesses are prepared and they can be replaced 
freely. 

CONSTITUTION: The valve spring spacers having various 
thicknesses it intervals of 0.1mm, e.g. between 0.1 to 1.0mm are 
prepared, and the valve spring spacer having the proper thickness is 
replaced according to the degree of the scuffing of a locker arm 
pad. Even inside one engine, a severity degree can be adjusted by 
the thickness of the spacer for every cylinder. In this case, the 
larger the thickness of the spacer is made, the lower the severity 
degree becomes, and, the thinner it is made, the higher the severity 
degree becomes. In addition, for example, the height position of a 
motor 6 is changed, the distance between pulleys 3, 5 is changed, 
the tension of a V-beft 4 is adjusted, the number of free vibrations 
of the belt 4 is controlled and a required severity degree can be 
adjusted to a test body. Thereby, an accurate and highly reliable 
test can be performed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Valve gear system abrasion test equipment characterized by having prepared two or more things of 
various thickness as a valve-spring spacer in said valve gear system, and enabling exchange of this in the valve gear 
system abrasion test equipment which consists of a transmission member for telling rotation of said motor to the 
motor for carrying out the forcible drive of an engine valve gear system and the engine valve gear system, and said 
valve gear system. 

[Claim 2] Valve gear system abrasion test equipment according to claim 1 characterized by attaching the means for 
controlling the vibration frequency of said transmission member. 

[Claim 3] Valve gear system abrasion test equipment characterized by having prepared two or more things of 
various thickness as the belt covered and passed between the pulley and motor which were connected with the 
crankshaft or cam shaft of an engine, the temperature control means of an engine oil, and an engine, the pulley 
connected with the motor revolving shaft, and said two pulleys, and a valve-spring spacer in said engine, and 
enabling exchange of this. 

[Claim 4] Valve gear system abrasion test equipment according to claim 3 which attached a means to change the 
tension of said belt 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to valve gear system abrasion test equipment. 
[0002] 

[Description of the Prior Art] The interest about valve gear system wear is increasing in recent years for 
amelioration of the engine in alignment with various demands, such as engine high speed and high increase in power, 
a cure against exhaust gas, unloading of a gasoline, improvement in specific fuel consumption, and extension of oil 
exchange distance, or change of a service condition. In our country, several major automobile firms established the 
their company test method of valve gear system wear uniquely because of a lubricating oil or ingredient evaluation 
first, and it referred to these after that, and Society of Automotive Engineers of Japan did unification-ization of the 
valve gear system abrasion test approach by the base top system, and enacted JASO specification. Moreover, the 
researches and developments about the valve gear system wear prevention engine performance of engine oil 
progress mainly by an oil company in recent years, and the rating symposium and school about valve gear system 
wear were carried out, and it has tried hard to double the valuation basis of each testing-machine Seki in the Japan 
Petroleum Institute. When performing an abrasion test on a base, how to actually carry out firing operation using a 
fuel and the approach of driving by the motor can be considered, as compared with the former, the latters are 
points, such as a facility, cost, handling, and repeatability, and are the approaches which were markedly alike and 
were excellent. The operation frequency of the valve gear system abrasion test by the motoring method tends to 
increase every year. However, the variation in the data which originate in the testing device beyond criteria 
unification and mastery of evaluation itself exists as the count of operation of this trial is piled up or the number of 
testing devices increases. For example, although the result of having examined each reference oil with typical 
1 JASO specification Toyota 3A of a motoring engine trial and an old specification Toyota 20R engine was released 
from JASO, according to the report, big variation exists in the result of wear damage only in several testing- 
machines Seki. Then, the same was said of the contents which the ISO inside committee announced for 
international standard correspondence, and the variation in repeatability was large too. If a repeatability trial is 
performed about further 10 to 15 time's, the result of the beginning and the last also understands that a difference 
comes out considerably. Then, as a result of repeating examination variously about the cause of variation of data, 
this invention person etc. had bad repeatability whenever [ which is the load element covered over a specimen ] 
cruel, and traced that it was because the same load cannot be covered. 
[0003] 

[Objects of the Invention] The purpose of this invention is in the point of offering the valve gear system abrasion 
test equipment which can adjust often [ repeatability ] and easily whenever [ which is the load element covered over 
a specimen / cruel ], in an engine valve gear system abrasion test. 
[0004] 

[Elements of the Invention] When performing valve gear system abrasion resistance evaluation and whenever [ of a 
testing device / cruel ] separates from the fitness range, it must adjust so that it may go into the range. Since this 
invention person etc. shall be reproducible within limits with whenever [ which should be set in a testing device / 
cruel / fixed ], The result of having examined many things about variation whenever cruel originating in what, By 
changing compulsorily the suitable conditions of components that the strength of the low frequency region vibration 
in a testing device solves having had big effect on the wear and damage on a valve gear system, and participates in 
the vibration, or self-excitation and a damping effect It discovers that repeatability is good and whenever [ cruel ] 
can be freely aajusted within the limits of predetermined, and came to complete this invention. That is, in the valve 
gear system abrasion test equipment which consists of a transmission member for telling rotation of said motor to 
the motor for carrying out the forcible drive of an engine valve gear system and the engine valve gear system the 
first of this invention, and said valve gear system, two or more things of various thickness are prepared as a valve- 
spring spacer in said valve gear system, and it is related with the valve gear system abrasion test equipment 
characterized by enabling exchange of this. The second of this invention is related with said valve gear system 
abrasion test equipment which attached the means for controlling the vibration frequency of said transmission 
member. 

[0005] Said valve-spring spacer prepares the thing of various thickness, as it was called 0.1mm in thickness, 0.2mm, 
0.3mm, 0.4mm, 0.5mm, 0.6mm, 0.7mm, 0.8mm, 0.9mm, 1 .0mm, 1 .2mm, 1 .5mm, and 2.0mm. And according to extent of 
scuffing of a rocker-arm pad, it exchanges to the valve-spring spacer of suitable thickness. If engines differ and 
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thickness of a valve-spring spacer will not be changed, it can say that the case which does not become whenever 
[ same ] cruel is also naturally generated, but also in one engine, since it does not become altogether for every gas 
column whenever [ same ] cruel, the thickness of a valve-spring spacer can adjust whenever [ cruel ] for every gas 
column. It is the greatest special feature of invention which whenever [ cruel ] can adjust freely for every gas 
column for every engine although it is a matter of course for a start [ this ], and it is a merit And whenever [ cruel ] 
becomes high, so that whenever [ cruel ] becomes low and it is made thin the more, the more it enlarges thickness 
of said valve-spring spacer at a wonderful thing. Moreover, if the technique of the valve gear system abrasion test 
equipment for which these people applied to invention on December 9. Heisei 4 for a start [ this ] is used together, 
accommodation whenever cruel will become still easier. That is, the second invention adds the means for controlling 
the vibration frequency of said transmission member to the first invention. Said transmission members are a belt a 
chain, and a rope, and transmit rotation of a motor to an engine valve gear system through a pulley, a sprocket, or a 
grooved pulley. In addition, the ingredient which has elasticity as a transmission member is more desirable when 
controlling vibration frequency. As a belt a V belt, a synchronous belt, a ribbed belt etc. can be used. Specifically, 
control of a frequency can be adjusted with the tension (flare condition) of a belt (chain), the size of a belt (chain), 
the quality of the material of a belt (chain), the die length of a belt (chain), etc. As the concrete approach of 
changing vibration frequency by the same transmission member, the span and tension of a belt can be changed by 
the ability shifting the location of a valve gear system, and the location of a motor relatively in drawing 1 . Speaking 
more concretely, by tuning the height of a motor finely, being able to change the tension and the span of a belt and 
being able to adjust whenever [ cruel ]. Moreover, tension can also be adjusted by forcing a rotator as a load grant 
means of drawing 4 . 

[0006] It is known about vibration of a belt that there is already the following relational expression (Himeji Institute 
of Technology, research report NO. October, 1968 [ 21 or ], Kazuo Sugawara, Kumi Sekiguchi: vibration of a V belt). 
According to it it is [Equation 1]. 



****(ing), natural frequency becomes large by enlarging f natural number, therefore belt tension. : Natural frequency 
of a belt c/ s ecp : Belt tension kgfrhoA Belt consistency kgsec2/cm2l. : Span die length cmq : Flexural rigidity 
multiplier cm2/ secv : Belt rate cm/seen : Moreover, natural frequency has the property which becomes small as the 
rate becomes large, when a belt drives. About the relation between the natural frequency of an engine valve gear 
system and a belt system, and the natural frequency of a belt, if a model Fig. is expressed from each property, it will 
become like drawin g^ . the time of driving at an engine speed with a testing device as shown in drawing 2 — an 
engine system and a belt system frequency, or the natural frequency of the integral multiple and belt — ******** - 
- vibration becomes intense and resonance is caused at last in a place. It becomes such big amplitude and damage, 
too much fatigue, and the noise that is not liked of a machine element are produced that it is generally dangerous at 
this time. That is, the conditional expression at this time is [Equation 3]. 



It is come out and expressed. 

It **** and is the resonant frequency of fv:valve gear system, m: Whenever [ by which the time of ******** j s given 
to a valve gear system / cruel ] serves as max, and scuffing which is the surface damages of a valve gear system is 
the conditions generated most quickly. 

[0007] Then, it enables it to apply whenever [ required for a trial / cruel ] to a specimen by resonating both 
occasionally or making the condition near it in this invention at arbitration by making in agreement the vibration 
frequency of a transmission member, for example, a belt a chain, or a rope, or bringing it close to the resonant 
frequency of a valve gear system. Some conditions which are and are made to already ****** are freely made for 
the conditions which occasionally resonate the vibration frequency of a belt and the resonant frequency of a valve 
gear system by changing the tension p of a belt and controlling the natural frequency f of a belt by this invention's 
setting like 1 voice and adjusting especially, the distance between the pulleys to which a belt is missing from and is 
passed. If the frequency of a belt is displayed as an amount of deflections of a belt and whenever [ cruel ] is 
displayed as rocker pad scuffing DR, the amount of deflections and relation whenever cruel will become like drawing 
3 . Although the numeric value of drawing 3 is a numeric value when experimenting on condition that specification, 
drawing_3 is to bend only with whenever [ cruel ] and show the relative relation of an amount 
[0008] This invention is explained with reference to a drawing. Drawing 1 shows one example of this invention. By 
constructing three V belts 4 between the pulley 3 connected with the crankshaft 2 of an engine 1, and the pulley 5 




[Equation 2] 




(2) 
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connected with the revolving shaft of a motor 6. for example, changing the height location of a motor 6, the distance 
of both the pulleys 3 and 5 is changed and this adjusts the tension of a V belt The tension of a belt can be known 
with a tension gage. The frequency in various tension was measured with the vibration meter 7 set to the engine 
and the motor, respectively. Although said testing device attached the pulley 3 in the crankshaft 2 which has come 
out to the engine rear side and connected it with the pulley 5 by the side of a motor 6, it can use the cam-shaft 
flange which appeared in the engine frontside side, can attach a pulley in this, and can also connect it with the 
pulley by the side of a motor (refer to drawing 5 ). The equipment 8 which can control the temperature of an engine 
oil uniformly was attached to the testing device of drawin g 1 . 9 is a pump and 10 is a heat exchanger. 1 1 and 12 are 
accelerometers. 13 is an inverter and tunes a rotational frequency finely with high precision. 14 is a control record 
meter, and displays and records a room temperature, an oil temperature, oil pressure, addition time amount, and a 
rotational frequency. In addition, since the whole engine is being used for the engine 1 of drawing 1 , the oil pan 
mechanism etc. attaches the lower part part among engines 1 . However, if temperature control of the engine oil is 
carried out well, a cylinder block and an oil pan mechanism are omissible. If a cylinder block and an oil pan 
mechanism are omitted and the whole is miniaturized, it can also consider as a desk punch. For example, except for 
the cylinder block and oil pan mechanism 1 5 which accompany originally [ engine ], as shown in d rawing 5 , it could 
also replace with the small oil pan mechanism 24 only for present instrument implements, and the belt 26 with a 
gear tooth for transmitting the driving force from a motor 6 was hung on the pulley 16 directly linked with the flange 
of the cam shut 25 in the engine front-side. Thereby, it can miniaturize and can also consider as a desk punch. 
[0009] 
[Example] 

Example 1(1) use instrument (refer to drawing 1 ) 
[Table 1] 

(a) Engine (JASO specification M328 -91 conformity) 

Form Toyota 3A total cubic displacement cm2 The number of 1452 cycles The number of 4-cylinders 4 valve 
arrangement OHC rocker-arm type 1 -3-4-2 maximum torque kgfm/rpm 1 2.0/3600 note The (b) (driving gear i) 
motor form of removing a piston, a connecting rod, and a flywheel from an engine The Toshiba three-phase-circuit 
induction motor, or an equivalent device output / electrical potential difference kw/v 3.7/200 engine speed rpm 
1440(ii) transmission belt form A narrow-width V belt, a RAPPUDO type, Mitsuboshi MAKUSUTA wedge belt 
bearing-number (belt die length mm) 3V-425 (1080) 

A number 3 (iii) bushing pulley form A monotonous mold name (Size) Q1— 30 (smallness) HF— 3(iv) valve— spring 
spacer A thing (0.2mm, 0.3mm, 0.4mm, 0.6mm (the same as that of an original manufacturers product), and 0.8mm) 
is prepared (2). Engine oil Toyota Motor Corp. pure oil The trade name CASL clean supermarkets 10W/30 (as 
REOD, and SHOWA SHELL SEKIYU K.K. prototype oil No.TY-POOl (as RE02) 
[0010] (2) Description of an engine oil [Table 2] 

Trial ** Term Eye REOI RE02 Specific gravity 15/4 degree C 0.8729 0.8729 Flash point (COC) ** 230 232 
Kinematic viscosity mm2/S @ 40 degrees C 62.9 71.87 @100 degree C 9.90 10.59 Viscosity index 142 134 Pour point 
** - 30.0 -40.0 Total acid number mgKOH/g 1.20 1.40 Total basicity (hydrochloric-acid method) mg KOH/g 1.58 
5.00 Sulfuric-acid ash content %wt 0.380.57 It is %wt by By 0.054 0.057 zinc, %wt 0.062 0.061 It is %wt by 

calcium. 0.0430.130 It is %wt by barium. 0.079 -[001 1] (3) An actjustment target whenever cruel [Table 3] 
Criticism ** Term Eye REOI RE02 Rocker-arm pad score (D. R.) <=5 It cannot restrict to this and, as for an 
adjustable range whenever cruel, in RE02, the range of 40-70 can be comfortably covered [ which is 55**5 ] by this 
invention. A rocker-arm pad score (D. R.) is a numeric value which shows into what% of part scuffing occurred 
among the whole field (pad) surface products which scuffing may generate. 

[0012] (4) Accommodation only by the adjustment (result i) valve-spring spacer whenever cruel [Table 4] 
(1) (2) RE02 RE02 Amount (@10kgf) mm*of deflections 1 of a belt The V belt by the side of an engine 1 7 1 7 A 
middle V belt 17 17 The V belt by the side of a motor 17 17 Modification of spacer thickness No.1 0.6mm thickness 
0.4mm thickness With an original manufacturer s product It changes into a spacer. 2 0.6mm thickness 0.4mm 
thickness With an original manufacturer's product To a spacer, modification 3 0.6mm thickness 0.2mm thickness 
With an original manufacturer's product It changes into a spacer. 4 0.6mm thickness 0.3mm thickness With an 
original manufacturer's product It changes into a spacer. 5 0.6mm thickness 0.3mm thickness With an original 
manufacturer s product It changes into a spacer. 6 0.6mm thickness 0.2mm thickness With an original manufacturer's 
product It changes into a spacer. 7 0.2mm thickness of 0.6mm thickness With an original manufacturer's product It 
changes into a spacer. 8 0.6mm thickness 0.2mm thickness With an original manufacturer's product It is modification 
[Table 5] to a spacer. 

(1) (2) RE02 RE02 Engine vibration *2 Width Way ** Variation rate mmp-p 0.06 0.06 Acceleration g 0.18 0.29 
Length Way ** Variation rate mmp-p 0.21 0.18 Acceleration g 0.24 0.40 valve-gear-system wear damage Rocker- 
arm pad D.R. 31.9 59.7 ** abrasion loss mg 9.7 12.3 Cam nose D.R. *3 25.0 54.2 3 * c * abrasion loss mum 6.3 12.7 
[Table 6] 
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*1: Front Naka and No.1-8 show the sequence of the rocker arm counted from the engine front-side. 
*2: Rocker-arm pad M.R. is a rocker-arm pad score, it is the numeric value which shows into what% of part scuffing 
occurred among the whole surface products of the field (pad) which scuffing may generate, and the relation with 
rocker-arm pad D.R. in Table 5 is [Equation 4]. 

10 0 8 
D. R= (80-2 M. R) 

80-8 n" 1 
It comes out. 

(ii) It is concomitant use [Table 7] about accommodation of a valve-spring spacer and belt tension. 
(3) (4) (5) Amount (@10kgf) mm *of deflections 3 of RE02 RE02 RE02 belt V belt by the side of an engine 17.0 19.3 
19.3 A middle V belt 17.0 19.3 19.3 V belt by the side of a motor 17.0 19.3 Modification of 19.3 spacer thickness 
No.1 0.6mm thickness 0.6mm thickness 0.8mm thickness With an original manufacturer's product With an original 
manufacturer s product It changes into a spacer. 2 0.6mm thickness 0.6mm thickness 0.8mm thickness With an 
original manufacturer's product With an original manufacturer's product It changes into a spacer. 3 0.6mm thickness 
0.6mm thickness 0.6mm thickness With an original manufacturer s product With an original manufacturers product 
With an original manufacturer's product 4 0.6mm thickness 0.6mm thickness 0.6mm thickness With an original 
manufacturers product With an original manufacturer s product With an original manufacturer's product 0.6mm 
thickness of 5 0.6mm thickness 0.4mm thickness With an original manufacturer's product With an original 
manufacturer s product It changes into a spacer. 6 0.6mm thickness 0.6mm thickness With the original 
manufacturer's product of 0.5mm thickness With an original manufacturer's product It changes into a spacer. 7 
0.6mm thickness 0.6mm thickness With the original manufacturers product of 0.6mm thickness With an original 
manufacturer's product With an original manufacturer s product 8 0.6mm thickness of 0.6mm thickness 0.5mm 
thickness With an original manufacturer s product With an original manufacturers product It is modification [Table 8] 
to a spacer. 

(3) (4) (5) RE02 RE02 RE02 engine vibration *4 Width Way ** Variation rate mmp-p 0.06 0.06 0.06 Acceleration g 
0.18 0.30 0.31 Length Way ** Variation rate mmp-p 0.21 0.13 0.12 Acceleration g 0.24 0.43 0.42 valve-gear-system 
wear damage Rocker-arm pad D.R. 31.9 58.358.3 ** abrasion loss mg 9.7 12.3 12.6 Cam nose D.R *5 25.056.9 
55.6** Abrasion loss mum 6.3 10.4 10.8 rocker-arm pad M.R*2 No.l 635263538554744576 46 86577 
5 5 8 8 6 5*3: The measuring method of the amount of deflections displays the crater width of a belt as shown in 
dr awin g 4 t ^ when push and a load show 10kgf(s) for the center section of the span with a tension gage per mm. 
Since the "engine side" is arranging in parallel and using three V belts, it is a thing by the side of the engine. 
"Middle" points out the middle thing of three V belts. A "motor side" points out the thing by the side of a motor 
among three V belts. 

*4: The horizontal and the direction of a right angle were displayed as the longitudinal direction to the engine cam- 
shaft shaft, and the vertical direction was displayed as the lengthwise direction. The variation rate displayed the 
distance from a peak to a peak by mm. 

*5: Indicate into what% of part of the cam-nose friction contact section scuffing generated cam-nose D.R. 
[0013] 

[Effect] Since whenever [ cruel ] is adjusted by thickness modification of a valve-spring spacer, this invention can 
be freely adjusted [ to ] not to mention accommodation whenever [ of every engine ] cruel, whenever [ for every gas 
column that nobody considered until now ] cruel. Moreover, if control of the vibration frequency of a transmission 
member is used together, adjustment whenever cruel is still more simply possible. Therefore, the abrasion test result 
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of the valve gear system by the equipment of this invention has very good repeatability, is exact, and can offer 
reliable data. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the model Fig. showing one example of the valve gear system abrasion test equipment of this 
invention. 

[Drawing 2] The analytic model of the resonance generating phenomenon by the lap of the frequency of an engine 
valve gear system and a belt is shown. 

[Drawing 3] The amount of deflections of the belt in one example of this invention equipment (load 10kgf) (unit mm) 
and relation whenever cruel are shown. 

[Drawing 4] The schematic diagram for explaining how measuring the amount of deflections of the transmission 
member in this invention is shown. 

[Drawing 5] It is the model Fig. showing other examples of the valve gear system abrasion test equipment of this 
invention. 

[Description of Notations] 

1 Engine (Valve Gear System) 

2 Crankshaft 

3 Pulley 

4 V Belt 

5 Pulley 

6 Motor 

7 Vibration Meter 

8 Temperature Controller of Engine Oil 

9 Pump 

10 Heat Exchanger 

1 1 Accelerometer 

12 Accelerometer 

13 Inverter 

14 Control Record Meter 

15 Oil Pan Mechanism 

16 Pulley 

1 7 Bulb 

18 Bulb 

19 Bulb 

20 Bulb 

21 Oil Pressure Control Switch 

22 Oil Pressure Gage 

23 Filter 

24 Oil Pan Mechanism with Heater 

25 Cam Shaft 

26 Timing Belt (Belt with Gear Tooth) 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 5] 




[Drawing 3] 
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